
CHAPTER 6

L"TILITY CLi :MANAGa.fE.~"TSYSTEM

Introduction

With the large number of utility cuts being made every year in every ciry. either

for installing new services or inspection and maintenance of existing ones, controlling

the quality of opening and restoration becomes an uphill task. Although guidelines have

been developed by certain cities for opening and restoration of pavements, most cities

have experienced additional maintenance costs due to poor restoration. Officials

concerned with management of road net\Vorks with utility cuts are in need of practical

methods that would address the impact of cuts on pavement performance, the economic

evaluation of life cycle costs, and provide the basis for a realistic cost recovery policy.

A structured maintenance management program can answer these needs. As the existing

pavement management sYStems do not consider the effect of utility cuts, municipalities,

like the City of Cincinnati, are currently seeking specific guidelines in the form of a

Utility Cut Management System (UCMS).

UCMS is a subjective system based on gathering and assimilation of information,

including visual observation. It synthesizes field evaluation procedures, cost management

and policy issues related to street pavement sections affected by utility cuts. The goals

of UCMS are to: 1) Identify the product most useful for evaluating performance of

utility cuts; 2) Differentiate bet\Veen the quality of restoration by different utilities/suD

contractors; 3) Generate a comprehensive database; 4) Develop statistically calibrated

models to predict future performance, life cycle cost and monetary impact; and 5)

Address issues related to planning, investments and maintenance activities.
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Evaluating Performance

Two functions available for evaluating performance are deflection and Utility Cut

Condition Index (VCCI). Deflection is an objective measurement resulting in a realistic

evaluation of the strUctural condition, however, it requires physical measurement.

uccr, a subjective index, is simple and quick to measure.

In the present system, deflection values at critical locations, at or near the cut,

will be used as the criteria for estimating the extent of damage and the cost to be

recovered. The ucer serves as a management tool to identify the time at which

remedial action is to be implemented and the potential consequences of a decision.

Performance Models and Life Prediction

The performance prediction models require a variety of factors that affect the rate

of deterioration. These factors include age of cut, restoration, traffic, backfill

characteristics, pavement composition and consttUction quality. A cursory look at the

City of Cincinnati's database indicated that information generally is limited to location,

age, traffic, and name of the utility restoring the cut.

A list of 600 cuts in asphaltic concrete and macadam pavements was prepared by

referring to permits. A team of trained personnel was assigned the task of conducting

a Distress Survey. However, the team was able to locate only 94 cuts, many of the

others having been resurfaced. The Distress Survey was performed using the Distress

Manual. The distress data were used in conjunction with the neural network model and

the UCCI for each cut was computed. Statistical regression models, with uccr as a

function of age, were developed for cuts in six groups as follows:
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GrQUp No. Contractor Traffic Level

1 CG&E Low

2 CG&E Medium

3 CG&E High

4 WW Low

5 WW Medium

6 WW High

Note: CG&E - Cincinnati Gas & Eectric Company;
WW - Cincinnati Water Works

Since generally the effect of the traffic level was not pronounced on UCCI, it was

decided to combine groups with various traffic levels. Thus only two sets of models are

reported, one for cut restored by CG&E and the other for cuts restored by WW. The

general form of these two models is:

VCCI = A + B • age + C • age:: + D. age3

The constants, sample size and other statistics are shown in Table 6.1.

Table 6.1 Summary Statistics of Performance Models

Group A B C D Sample r2 Life,
Size Years

CG &E 1 86.1 -0.2 -0.4 2.2E-02 58 0.71 9.0

WW 188.9 -6.7 0.87 -5.1 E-02 36 0.83 7.0

The shape of the models is shown in Figure 6.1. As seen in the figure, for a

given threshold value ofUCa (chosen to equal 65), cuts have an average life of 9 years

when restored by CG&E and 7 years when restored by WW. This may be contrasted

with the 15 to 20 years of life for a newly resurfaced pavement.
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Implementation on a !\-1icr~Computer

A comprehensive MS-Windows based software (UCMS Ver 1.0) has been

developed in Foxpro 2.5 in order to: 1) aid in the development of a comprehensive

database, 2) select a prioritized listing of cuts to be maintained, 3) select the appropriate

Maintenance and Rehabilitation (M&R) action, and 4) determine its cost impact. The

basic context diagram and system data flows are shown in Figures 6.2.a through 6.2.e.

A detailed discussion on the software and the procedure adopted for managing cuts

follows.

Input To The System

As shown in the context diagram the inputs to this software are Cut Infonnation,

Distress Data (collected using the Distress Manual), Deflection Data, Traffic Data and

Cost Data. UCMS contains one comprehensive screen, divided into three modules, for

the entry of all the input data.

Cut Information This module of the input to the system asks the user for the

historical information on the cut. This information primarily consists of the location of

cut, date of survey, date of restoration, contractor's name (limited to CG&E and WW),

area of the cut, and type of pavement.

Distress Data The distress data are primarily based on the visual inspection of

the cuts. This is done using the Distress Manual developed by the University of

Cincinnati researchers. It is expected that every cut made in the city is surveyed using

this manual and the data obtained is input into the system. User friendly screen has

been designed to enable the user to enter this data. Validation checks have been

incorporated into the system to ensure that the user enters the appropriate data and error
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messages are displayed whenever a invalid entry is made into the system. Onlme help

is available in the form of text as well as pictorial information to help the use: to enter

the data.

Deflection Data The deflection data is collected using the Benkelman Beam at

selected locations at the cut as shown in Figure 6.3. The layout of the module for entry

of deflection information is shown in Figure 6A. As in the case of distress data, online

help is available which explains in detail the information expected from the user. This

deflection data is primarily used to compute the overlay thickness required.

Traffic Data The user is prompted for traffic information in terms of Average

Daily Traffic (ADn, percent trucks and percent growth.

Processing Within the System.

Computation of Overlay Thkkness Deflection information is used in the

computation of the overlay thickness. If the deflection at any point within or near the

cut is greater than the deflection at the control point, an overlay is recommended and the

overlay thickness required for the excess deflection is computed using the Asphalt

Institute Manual (6.1). Since deflection is an objective measurement, the

recommendation obtained through the use of deflection data overrides the

recommendation based on the distress data.

Computation of DCC! The distress data is used as an input to the neural model

for the computation of UCCr. The VCCI values are added to the database for further

processmg.

Selection of M&R Action Initially, distress surveys were performed on 75 cuts

by four engineers and eleven inspectors from the City of Cincinnati. This data was used
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to develop the neural model for the computation of VCCl. Simultaneously, the surveyors

were asked to give their recommendation on the required maintenance and rehabilitation

action for each cut, based on the overall condition index (VCCI). The data was analyzed

and the appropriate maintenance actions for various levels of vcer, as recommended,

are presented in Table 6.2.

Table 6.2 - Rehabilitation Activities vs. vccr

UCCIRan~e

80 - 100

60 - 80

40 - 60

0-40

M&R Action

Do Nothing

Surface Treatment

Overlay

Reconstruct

This infonnation is used in the UCMS model to generate M&R actions based

on the vcer values.

Cost Computation The model takes into account the labor, material and

equipment costs involved in every M & R action for the cost computation. A facility has

been provided to update the costs with the changing market prices. The program

computes cost for maintenance action over the entire area of the cut plus an area

extending 3 feet beyond the cut in all directions.

Output from fbe System

The output from the system can be in threee fonns: 1) Individual Report;. 2)

Group Report; 3) Custom Repon.

Individual Report This report contains all of the infonnation available in the
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database on any specific cut. Tnis infonnation includes cut information, distress oat&..

deflection data (if available), computed DCCl, computed overlay thickness.

recommended M&R action and the cost implication. The sofrn.·are user asks to select a

cut based on the cut location. This is done by presenting the user a list of all cut

locations available in the database. After this selection the user can obtain this repon

either on the screen or on the printer. A sample copy of this report is shown in Figure

6.5.

Group Report This report is primarily aimed at assisting the engineer in policy

decisions. It presents a histogram which consists of information on the number of cuts

in each of the four DCCr ranges (0 - 40, 40 - 60, 60 - 80, 80 - 1(0). It also gives the

total amount of money required to rehabilitate the cuts. In addition, there is an option

provided for analyzing various budget scenarios. In case of a budget limitation, the user

can input the available budget and the software comes up with a revised histogram and

an annual prioritized listing of the cuts to be rehabilitated based on their DCCI and the

available budget. It is assumed in the preparation of this report that any cut which has

been rehabilitated attains a DCCr in the range of 80 to 100. A sample copy of this

report is sho'WIl in Figure 6.6.

Custom Report This is a customized report in which the software user can

select a list of cuts and obtain relevant information on this selected group of cuts like cut

location, uccr, recommended action and cost. In addition to this the total cost for

rehabilitating this group of selected cuts is reponed. A sample copy of this report is

shown in Figure 6.7.
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FIG. 6.1. Performance Predictlcn Models
(For CG&E and WW Cuts)
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Distress Data Individual Report

DellectioD Data

Cost Data

Utility Cut

Management System

Group Report

Custom Report

TIG. 6.2.a. Overview of Utility Cut Management System
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CtiIiry Cut Histogram Report
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CHAPTER 7

SPECIAL TOPICS

MULTIPLE UTII.JTI' CUTS

rn ASPHALTIC CONCRETE AND MACADAM PAVEMENTS

Introduction

In the preceding chapters of this stUdy, through the use of objective measurements of

strength (deflection) and by subjective assessment (visual inspection of distresses), it was shown

rather clearly that a single utility cut in asphaltic concrete or macadam pavement most often has an

adverse impact on the pavement surrounding the cut. This commonly is recognized by increased

deflections in the pavement, or signs of distress. The data presented in Chapter 2 indicated a

weakening of the pavement near the edge of the cut with the stiffness of the pavement progressively

increasing avny from the cut. As a general rule, it was found that flexible pavements of Cincinnati,

having an average size of4 feet by 5 feet, may be expected to show measurable weakening beyond

the cut edges for an average distance of3.0 feet.

The lateral extent of damage having been demonstrated for single utility cuts, the question

remains regarding the impact that these utility cuts may have on the pavement when they are in close

proximity.

With multiple cuts, for example, as the distance increases from the edge of the cut, will the

pavement deflections become progressively smaller but at some point reverse and become larger

again as the adjacent cut is approached? Specifically, when two cuts are made with a distance

between their edges equal 2.0 x 3.0 = 6.0 feet will the Benkelman Beam deflection of th.e point

midway between the cuts be equal to the deflection of the undistUrbed pavement, the control point,

or v.ill an interaction between the two cuts cause the point to deflect more? Ifthe latter is the case,
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one could conciude that rv.ro adjacent cuts have an amplified weakening effec: on the pavemen:

betWeen them, and it would be prudent to place the cuts at an edge-to-edge distance greater than 6.0

feet. The questions is, how far apan must cuts be placed to prevent extended pavement weakening:'

Investigative Approach

In this phase of the stUdy, fifteen sets of multiple cuts, five in each of the three traffic

categories, were tested for deflections using the Benkelman Beam. The cuts selected were in a row,

in multiples of from rv.ro to five, and with edge-te-edge distances that ranged from 2 feet and 9

inches to 21 feet and· 8 inches. A typical utility cut arrangement with the plot of deflection in the

surrounding pavement is shown in Figure 7.1; the plots of all 15 sites are induded in Appendix B.

Analysis and Results

The deflection data were analyzed visually. At each test site, the deflection at the control

point (or points) was determined. Then, the deflections of the pavement between the utility cuts

were compared to that at the control point Ifthe deflections anywhere berv.reen two cuts were equal

or less than the control point deflections, it was concluded that the rv.ro cuts had no effect on each

other, that is, there was no interaction between the two cuts. Conversely, if the deflections between

these cuts were all greater than at the control point, the cuts were considered to be interacting with

each other.

To illustrate the analytical procedure, consider the cuts on Euclid Avenue in Figure 7.1.

As shown, the pavement at this site had a series of five multiple cuts, with edge-to-edge spacings

of 9 feet 2 inches, 5 feet 9 inches, 4 feet 9 inches, and 7 feet 5 inches, respectively. The contra)

point deflection is 0.037 inches, as observed on the right side of the plot. The deflections between

the first two cuts on the left are less than the control point deflections, therefore, one can conclude

that these two cuts do not interact in weakening the pavement. Thus, the 9 feet 2 inches edge-to-
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edge spacing is large enough to exclude mtera:tion Tne deflections berv.>een the ias: tv.·o cuts on

the right side come up to about 75% of the maximum differential defiections thus the mte;-actlon IS

minimal. The interaction may be considered to be borderline. The!Wo other edge-to-edge spacmgs

between the Euclid Ave cuts are 5 feet 9 inches and 4 feet 9 inches, respectively. At these distances,

the cuts clearly interact, that is, all deflections between the cuts are greater than at the control pomt

A similar analysis was conducted for all 15 sites and a summary of the results are presented

in Table 7.1. This shows the test site designation, traffic level, edge-ta-edge distance between cutS

and whether or not the adjacent cuts interacted with each other or, whether they represented

borderline cases.

The data from the 15 sites, as presented in Table 7.1, were rearranged to summarize the

results in three columns, Table 7.2. In column one, those edge-ta-edge distances are listed which

resulted in significant interaction between adjacent cuts. Column two lists borderline cases and

column three lists those which resulted in no interaction. The listings show that there was

perceptible interaction betWeen all cuts that were closer than 5 feet 6 inches Further, interaction can

extend to an edge-to-edge distance as much as 7 feet 4 inches (somewhat higher than 2 • 3.0 = 6.0

feet). It was noted that traffic level appeared to have no effect on the results.

In conclusion., this limited study suggests that multiple cuts result in a zone of weakened

pavement betWeen cuts that is somewhat larger than what would be expected around two single cuts,

7 feet 6 inches versus 6.0 feet. Therefore, it is recommended that multiple cuts in flexible pavements

not be placed closer than 7 feet 6 inches apart.

Although it has not been studied in detail and quantified, it is suspected that close cuts not

only extend the pavement damage zone laterally, but also increase the magnitude of deflections. As

a result, the thickness of the required overlay for repair, and consequently the cost of repair, may be
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expected to increase. Further research is needed to determine the extent of cost increase
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CORRELATIOJ'; BET\VEE~ BEXK£Ll\'L~~ BEAM DEFLECTIONS

AND DEFLECTIONS MEASITRED BY DY~AFLECT

AND FALLING ""'EIGHT DEFLECT01\1ETER ON FLL'XffiLE PAVE~IT~TS

Introduction

To evaluate the strength of a flexibie pavement by the Asphalt Institute Method, or to

design the required overlay for it, the Benkelman Beam Deflections should be obtained However,

this is a complex and rather time consuming process, especially when compared to using either the

Dynai1ect or the FaIling Weight Deflectometer (FWD). Therefore, a deflection study of flexible

pavements with cuts was conducted to compare the Benkelman Beam deflections \Vith those from

the Dynafleet, and the FWD.

Correlations Between Benkelman Beam

And Dvnaflect Deflections

Method: Six randomly selected utility cuts and the pavements around them were tested

usmg the Benkelman Beam and Dynafleet, three in asphaltic concrete and :hree in macadam. At

each cut the following five points were tested: the control point, one foot from the edge of cut, at

the edge of cut In the pavement, at the edge and at the center of the cut. At each point the

Benkelman Beam Deflection was compared to the Dynafiec! deflection.

Results and ..o.nalysls: The results are summarized In T. B. 1•. The data points are planed

m Figure '7 2. Also plotted are a best fit line from rel!fession analvsls a best fit curve, and the- . ,

correlation curve given by AASHTO. As seen., the curved Cincinnati correlation agrees well with

the AA..SHTO curve, except for the data POints for the large deflections. These large deflections

were obtained on cuts and pavements that were subjected to light residentIal traffic loads only, not

·See Appendix B
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typIcal fo7' .A....A.SmO :ype :i~flec:lOn measurements It is recogruzed that more tests a,e nee::.e: or.

residenuai streets to establish a reliable correlation for pavements with light traffic

Correlations Between Benkelman Beam

And FaIling Weight Deflectometer Deflections

Method: Tnine-...n randomiy selected pavement locations adjacent to utility cuts were tested

(six in asphalt concrete and seven in macadam pavements) by both the Benkelman Beam and the

Falling Weight Def1ectometer (FWD). At each location, five points were tested, all in the pavement

the control point, .edge of cut, one foot, two feet and four feet from edge. The FW'D tests were

conducted at three different load levels, 9, 12 and 15 kips.

Results: The results are ploned inTo B.2,B.3, B.4(App).Figure 7.3 shows the plot of data

points from the comparison ofBenkelman Beam deflections with those from FWD with the 9 kip

loading. The best fit line from regression analysis also is shown. Figure 7.4 shows the regression

lines for all three level ofloads, 9, 12 and 15 kips. There was no AASHTO correlation available for

comparison with the Cincinnati results.

Conclusions

The correlations presented should be considered preliminary, especially when used outside

Cincinnati where there may be different pavement compositions, subgrade soils, water tables, and

climate conditions. Even in the City of Cincinnati, more tests are n~ded to increase the reliability

of the correlations. In all cases, however, the Dynatlect and FWD equipment can be used effectively

to explore the existence and lateral extent of damage to asphaltic concrete and macadam pavements

around cuts.
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TABLE i.I. Interaction Between Multiple Cuts in Flexible Pavements

I I Spacmg Iinteraction
,

Address Traffic (ft.) Exists

UCMUl.IN"ffi.ED-l H 6'8" yes
UCMULR.ED3161-1 H 2'9" yes

5'6" yes
6' 1" no
6' 8" no

UCMULMAD3215-1 H 5'6" no
UCMULOBS274 1-1 H 6'0" ?
UCMULMADl724-1 H 6'4" no

10' 5" no
UCMULMRK2723-1 M 6' 10" no
UCMULMRK290 I-I M 21' g" no
UCMULEUC3016-1 M 9' 2" no

5'9" yes
4'9" yes
7' 5" ?

UCMULWFD3357-1 M 7' 4" yes
UCMULSET822-1 M 5' 10" no
UCMULHEL321 -I L II' 0" no
UCMULTER346-1 L 6' I" yes

UCMULHAR3228·1 L 6'4" yes
5'S" yes
6'7" yes

UCMULMCH3648·1 L 6'9" yes
UCMt.n.MOR3363-1 L 12' 0" no
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TABLE 7.2. Effect of Utility Cut Spacing on Interaction

Cut Interaction

Yes Borderline I No

2'-9"
4'-9"
5'-6" 5'-6"
5'-8"
5'-9"

5'-10"
6'-0"

6'-1" 6'-1"
6'-4" 6'-4"
6'·7"
6'-8" 6'-8"
6'-9"

6'-10"
7'-4"

7'-5"

I 9'-2"
I 10'-5"

II'-0"
12'-0"
21' -8"
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CHAPTER 8

SUMMARY, CONCLUSIONS AA'"D RECOM:ME~'1)ATIONS

Tbis study by the University of Cincinnati resulted in the development of an

objective evaluation technique to assess the impact of utility cuts on flexible pavements A

practical field deflection testing methodology was established including the selection of

appropriate points oftesting at and around cuts. The study demonstrated that the Benkelman

Beam can be used for the strength evaluation of pavements at utility cuts and to determine

the lateral extern ofarea affected by the cuts. Results from testing thirty-six (36) cuts in the

City of Cincinnati indicated that utility cuts in flexible pavements ordinarily damage the

surrounding pavement. The lateral extent of damage beyond the edge of the cut ranged

between 0 and 6 feet with an average extent of damage of 3 feet beyond the cut edge. To

restore the pavement to its pre-utility cut strength required an addition to the original

thickness of overlay up to 6 inches thick. The average added thickness required was 1.75

inches. The area of the average overlay covered 110 square feet.

It is recommended that more extensive deflection studies be conducted to increase

the database on cuts in flexible pavements. Other cities should be included in the tests to

determine the effects of different pavement structUres, climates, soil conditions and

workmanship of cut repair contractors. Typical deflection testing at a cut should be

supplemented by tests on all sides of the cut, and measurement of deflection should be made

at several conuol points outside the sphere of influence. This will improve the reliability of

the reference deflection data.

Included in this study was an investigation of flexible pavements to detennine what
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e:ffe~ there is on the pavement 1!1ng' between multiple cuts. The limited study suggests tha:

cuts in close proximity are likely to increase the extent of pavement damage While the

average lateral extent of damage in single cuts was found to be 3 feet, the lateral eX'1em of

deflection or pavement damage from adjacent cuts increased on the average to 3 75 feet

Therefore, it may be concluded that multiple cuts in flexible pavements should not be made

closer than 7 feet 6 inches, edge-to-edge. It is recognized that funher studies are needed to

confirm these preliminary findings and to more precisely define the impact of multiple cuts

.
in flexible pavements. If, as suspected, greater deflection and damage is associated 'With

multiple cuts, the thickness of the required overlay and the cost of repair may be expected

to increase.

As described above, the restoration of an average cut and the surrounding flexible

pavement requires the additional thickness in the overlay section of 1. 75 inches. This

addition in thickness over a limited area of 110 square feet could cause an abrupt change or

bump in pavement surface resulting in potential road hazard. Ta eliminate the rough

transition, other strengthening schemes were considered and casted. It is recognized that

proof of performance and economic feasibility of these repair schemes vvill require actual

construction and field evaluation. From this study, it is estimated that the cost of the average

repair will vary from $950 to $1,400. In the City of Cincinnati where 6,000 to 10,000 utility

cuts are made each year, and 35 percent of these are in flexible pavements, the annual repair

cost of the flexible pavement ponion may range from $1,995,000 ($950 x 0.35 x 6,000) to

$4,900,000 ($1,400 x 0.35 x 10,000).

To accelerate the deflection testing of flexible pavements around cuts, the potential
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use of the Dynaflect and F\\'D devices was Investigated in place of the Benkeirnan Bear:-.

Correlations were estabiished between the Benkelman Beam and D;.-naflecr deflectIons In

flexible pavements. These agreed well with those given by f\..ASHTO for rughway

pavements, except for the large deflections on residential streets More tests, therefore. are

needed on residential streets to establish a reliable correlation Correlations also were

established between the Benkelman Beam and FWD deflections in flexible pavements

Although the correlations are considered preliminary and are based exclusively on

conditions in the Cincinnati area, the study does demonstrate that both the Dynaflect and the

F\VD can be used effectively to find the existence and lateral extent of damage in flexible

pavements.

Approximately 30 percent of the pavements in the City of Cincinnati are of

composite construction and were not studied. It is recommended that the effect of utility

cuts on these pavements be investigated.

A Finite Element Model was successfully developed to model the behavior of PCC

pavement slabs with or without cuts. The model was calibrated both with theoretical

solutions and actUal field cuts in the City of Cincinnati on 9 inches thick PCC pavements

over thin base and silty clay subgrades. The model uses an E = 6.5 x 106 psi modulus for the

concrete and a k =250 pci subgrade modulus.

The Finite Element Model was successfully used to conduct a parameter stUdy on

typical PCC pavements. The effect of the location of a cut and changes in subgrade stiffness

were investigated. It was found than an average cut made in the average PCC pavement
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does not create excessive stresses in that pavement. thus its effect IS not cnuca! Howeve;.

a utility cut placed against the curb could result in excesslve stresses. even faiiure. if the

repaired pavement and subgrade are weak. Also if the cut has to be made near an interior

joint, it should be investigated how close its edge may be to the joint to avoid possible

fatigue failure.

The above conclusions need not be modified for PCC pavements overlaid by asphalt,

as the asphalt adds very little to the strength of the concrete pavement.

Funher studies should include the modeling of PCC pavements of varyIng

thicknesses, pavements with weakened subgrade support near the cuts, and pavements with

varying sizes and shapes of cuts. The model should be improved and made more useful by

using a calibration method based on strain measurements at critical locations in the

pavement.

This study is a first attempt to visually evaluate distresses in and around utility cuts

and, through a rational procedure, to develop a rating index for utility cuts. First, a distress

manual for utility cuts was assembled. Then a rating index was developed using fourteen

engineers and inspectors who evaluated 60 cuts with the Delphi Method. They were asked

to judge the condition of each cut. Relationships were established betWeen distresses and

the general condition of the cuts by using a neural netWork software. This resulted in the

definition ofUCCL the Utility Cut Condition Index. The model has been trained and tested

for accuracy. The ueer predicted by the neural netWork may be used as a management tool

for identifying conditions of utility cuts in a city and assigning priorities for their

maintenance. The UCCI may be used also to monitor the performance of newly repaired
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:::utS and to evaiuate whI:::h reparr opnons are the most effe=t1ve

The methods and technologies developed In thIs stUdy should not be limited to use

by City officials. It is hoped that utility companies and their contractors also may use them

to more fully understand the true impact of utility cuts and to develop bener methods for

their restoration.
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